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CROSS-REFERENCE TO RELATED APPLICATION 

0001 Priority is claimed herein with respect to German 
Patent Application Serial Nos . 101 05 010.0 and 101 05 
011.9, both filed on January 29, 2001, the subject matter of 
which, along with the subject matter of each and every U.S. 
and foreign patent document mentioned herein, is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 The invention relates to a method and an arrangement 
Q for producing compound filters for products in the tobacco- 
processing industry. An arrangement of the character to 
which the present invention relates includes a filter tube 
feeding element and at least one conveying element, into 
which the filter tubes are inserted and which supply or 
supplies these filter tubes to at least one processing 
station. The invention furthermore relates to the use of 
pre-manuf actured filter tubes for producing compound filters 
for products in the tobacco-processing industry, a 
corresponding filter tube for producing compound filters for 
products in the tobacco-processing industry, as well as a 
compound filter-manufacturing system for the products, which 
system comprises a filter tube feeding device and a 
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conveying system for conveying the filter tubes along a 
predetermined movement path. 

Published German Patent Application No. 17 82 364, 
owned by the assignee of the present application, discloses 
a method and arrangement for producing compound filters, and 
in particular describes an arrangement, commercially known 
as the "Bernhard" machine and distributed by the present 
assignee, for producing filters containing filter granules. 
Published German Patent Application No. 17 82 364 
corresponds to British Patent No. 1.243.977 and to U.S. 
Patent No. 3,603,058 granted on September 7, 1971 to 
Bernhard Schubert for "Method and Apparatus for the 
Production of Composite Filter Tips." Compound filters, 
also referred to as multi -segment filters, produced by the 
"Bernhard" machine consist of at least two and typically up 
to eight filter elements, arranged in an optional sequence. 
Different filter elements or segments are arranged inside a 
casing or sleeve in the shape of a tube. The filter 
elements can include soft filter elements such as cellulose 
acetate, paper, fleece, or relatively hard filter elements 
such as granules, sintered elements, hollow- cylinders or 
hollow- chambers and capsules and the like. It is not 
necessary for the respective filtering materials to consist 
100% of a single type of material. For example, the 



filtering material can comprise mixed materials such as 
granules in a cellulose acetate and can include granulated 
materials such as active charcoal. The properties of 
compound filters can vary extremely, depending on the 
materials used and the filter-segment sequence. These 
filters are preferably attached to the end of rod-shaped 
tobacco articles such as cigarettes, cigars, cigarillos, and 
analogous rod-shaped smokers' products. 

The granulate-filling machine described in U.S. Patent 
No. 3,603,058 to Schubert produces filters containing 
granulate, and in particular triple filters. A triple 
filter is understood to be a filter consisting of three 
filter segments. The above mentioned Bernhard filling 
machine produces a triple filter of twice unit length. For 
cigarette production, the filter is arranged between two 
long, tobacco- containing articles wrapped in cigarette paper 
and is then cut in the center to obtain two cigarettes 
provided with a filter. U.S. Patent No. 3,603,058 to 
Schubert discloses a continuously circulating conveyor with 
receptacles for the filter tubes for conveying the filter 
tubes cross-axially . During the cross-axial conveying, 
filter plugs cut from a longer filter rod and granulate are 
alternately inserted into the tube. The filter plugs are 
pushed into the tube with the aid of a transfer mechanism in 



Ill 



.3 ^ 



the form of a plunger or push rod while the granulated 
material drops into the tube under the effect of gravity. 

0005 The relatively numerous steps required for operating 
the "Bernhard" machine, in particular the necessity for 
relatively far-reaching movements, limit the output of the 
granulate- filling machine described in U.S. Patent No. 
3.603.058 to Schubert. Given the increasingly higher output 
of cigarette-production machines, there is a need to 
accelerate the production of corresponding filters as well. 

SUMMARY OF THE INVENTION 

0006 It is an object of the present invention to provide a 
method and an arrangement, as well as a compound filter- 
manufacturing system, which can increase the production 
output of compound filters. 

0007 The above and other objects are accomplished in 
accordance with the present invention by the provision of a 
method for producing compound filters for products in the 
tobacco-processing industry, comprising the operational 
steps of: supplying a filter tube, having a filter element 
in a central region of the filter tube, to a predetermined 
position; and inserting predetermined portions of filtering 
material into the filter tube from at least a first end of 
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the filter tube so that filter segments are formed in at 
least a first part of the filter tube. 
0008 As a result of supplying a filter tube that already 

contains a filter element in the center and filling 
predetermined portions of filtering material into this 
filter tube, the movements that must be carried out by the 
feeding elements to insert the filtering material into the 
filter tube can be kept relatively short, thus resulting in 

IH a considerable time advantage. The filter tube with the 

HI 

ft) centrally arranged filter element is preferably made 

.13 

available and/or manufactured in a preceding operational 

» 

2 step - 

%S 0009 It is to be understood herein that within the framework 

fl 

ffj of this invention a compound filter is a multi-segment 

filter, comprising at least two segments and at least two 
filtering materials. Compound filters generally consist of 
two or three or more segments, for example a soft segment 
made from cellulose acetate, followed by a granulate such as 
active charcoal filter granulate, followed by another 
cellulose acetate soft element. For a triple filter of this 
type, a wrapping material such as paper is preferably fitted 
around this filter. When using a filter tube with a filter 
element in the center, it is standard practice to produce 
compound filters of two or more times the unit length. 
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0010 The filter element or plug in the center of the filter 
tube* is maintained in the center position through a force or 
by fitting a corresponding element against it. 
Alternatively, the plug may be glued in or kept in the 
center with corresponding frictional forces. Suction air, 
for example, can be used to keep the tube in a desired 
position. 

0011 According to a further advantageous feature of the 
invention, the filter tube is rotated so that filtering 
material can be inserted from a second (i.e. other) end of 

Q the filter tube to form additional filter segments in a 

13 second part of the filter tube. Gravity can thus be 

utilized for filling granulated material from both ends into 

ipsa 

M the filter tube. Furthermore, corresponding filling 

stations or processing stations can be arranged along one 
side of a corresponding conveyor that is provided with 
receptacles for holding the filter tubes, thereby resulting 
in a compact design for a machine of this type. 

0012 It is further understood that within the framework of 
the present invention, filter tubes are sections of a 
wrapping material, such as paper, that is shaped into tubes 
or tube -shaped wrappers. 

0 013 According to another advantageous feature of the 

invention, the production speed for compound filters can be 
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noticeably increased by successively inserting individual 
portions of the filtering material, and/or inserting 
multiple portions, at least in part simultaneously. For the 
purpose of this invention, a multiple portion or multiple 
portions is or are understood to mean a packet or stack of 
at least two different or identical filtering materials, 
wherein at least two portions of the filtering material or 
materials is or are inserted during a single operational 
IH step into the filter tube. The filtering materials can 

comprise one, two or several granulated materials and soft 
filter elements such as filter plugs made of cellulose 
acetate, fleece, paper, non-woven material or hard elements, 
•q such as sintered elements, hollow cylinders or capsules. 

The filtering materials are advantageously inserted into the 
filter tube with a vertical movement component, and 
preferably an essentially vertical component. The filter 
tubes are thus preferably upright or completely vertical 
during insertion of the filtering material. Granulated 
material and gas-permeable limiting elements or end pieces 
are preferably inserted alternately. 
0014 In one preferred modification of the method according 

to the invention, the first part of the filter tube is 
initially filled essentially completely prior to rotation of 
the filter tube, so that the second part can also be filled 
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essentially completely following the rotation. As a result 
of this preferred modification, the filter tube is 
essentially filled completely with filter elements or 
filtering material and thus can be conveyed for further 
processing. The filter wrapping material preferably has a 
hot -gluing seam on the inside, which is activated by 
supplying heat during the removal of the completely filled 

E filter tube, thereby fixing the respective filtering 

js5 materials inside the filter tube. 

|1| 0015 According to another preferred aspect of the invention, 

£3 

Q a compound filter with n segments is formed, wherein n is a 

13 natural , even number higher than 1 . 

nj 0016 According to yet a further aspect of the invention, 

compound filters are preferably produced by moving the 

III 

filter tubes along a predetermined conveying path, along 
which the various operational steps are carried out. A 
corresponding movement path is preferably specified for 
this. The filter tubes preferably are moved at least in 
part cross-axially on the movement path. 
0017 One or more compound filters can be produced according 

to the above described processes. The compound filter 
produced in this way has, for example, 2 -times, 4 -times or 
6 -times the filter rod unit length, so that the compound 
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filter, which contains different filtering materials, can be 
cut into 2, 4 or 6 corresponding filters of the unit length. 
0018 According to another preferred aspect of the invention, 

a pre -manufactured filter tube with filter element in the 
center is used to produce compound filters for tobacco 
products, such as cigarettes, cigars, etc., thus making it 
possible to considerably increase the production speed of a 
machine for producing compound filters. Filter tubes with a 
centrally positioned filter element or plug can be produced 
with a modified MULFI machine distributed by the assignee of 
the present application. 

Corresponding filter tubes are preferably used for 
producing compound filters with n-times the unit length, 
wherein n represents an even, natural number above 1. 

0020 According to a modification of the invention, a filter 
tube for producing compound filters for products in the 
tobacco-processing industry is modified whereby the filter 
element arranged in the center of the filter tube is a tube- 
shaped wrapping material section. A machine producing 
compound filters is permitted a higher production speed 
using this embodiment of the filter tube according to the 
invention. 

0021 The filter element is preferably fixed essentially in 
one location, relative to the filter tube. It is 
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advantageous if the filter element is glued to the filter 
tube, thus making it easier to secure it in one location. 
The filter element can have twice the unit length, for 
example between 4 and 16 mm. For each finished filter, half 
of this length (i.e. the unit length) remains with the 
corresponding cigarette, 
» 0022 The object of the invention is further achieved by a 

iL method for producing multiple unit length filters for 

13 

fS products in the tobacco-processing industry, comprising: 



supplying a filter tube to a predetermined position; and 
inserting predetermined portions of filtering material into 
the filter tube, the inserting step including inserting at 
least two portions of the filtering material into the filter 
tube during one operational step. 
0023 For the purpose of the invention, at least two segments 

are essentially formed simultaneously in the filter tube. 
Thus, several segments are formed by transferring multiple 
portions of filtering material in one operational step. The 
filter tube preferably is filled completely during an 
insertion operation or always in double or triple portions, 
for which advantageously the bottom element is a soft 
element such as cellulose acetate, paper or the like, which 
is followed by a granulate and then a second soft element. 
A final operational step can preferably be carried out, 
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during which preferably only one portion of a single type of 
filtering material is inserted into the filter tube. 

0024 It is advantageous if a filter tube is made available 
and/or produced during a first operating step. The filter 
tube is preferably filled exclusively from one side, thus 
permitting a simple design for a corresponding apparatus for 
producing multiple-unit length filters for products in the 
tobacco-processing industry. If the filter tube is 
advantageously filled from both sides, the filling speed can 
be increased even further. For this, respectively one half 
is filled during one filling operation or during several 
filling operations, in which packets forming several 
segments are transferred. 

0025 The filter tube is preferably rotated, such that it can 
be filled from each end. The supplied filter tube thus 
advantageously has a filter element arranged in the center, 
meaning a pre -manufactured filter tube with filter element 
in the center is preferably used. In addition, the filter 
tube is advantageously conveyed, at least in part, cross - 
axially along a predetermined movement path. As a result, a 
quick process control and simple structural elements can be 
realized for a corresponding apparatus. The filtering 
material is furthermore advantageously inserted with a 
vertical movement component. Owing to this preferred 
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embodiment of the invention, compact apparatuses or machines 
for manufacturing filters can be realized. 

0026 The filter tubes are advantageously formed during a 
preceding operational step and preferably consist of 
wrapping material sections formed into tubes or tube- shaped 
wrappers. Filtering material segments preferably are or 
will be formed, which alternately contain granulated 

P material and gas -permeable end pieces, such as soft elements 

Ft 

of cellulose acetate, paper or non-woven material or the 
like. A filter with n-unit lengths is preferably formed, 
wherein n is a natural, even number above 1. A multiple- 
unit filter of n times the length is a filter with n times 
the usable length. Thus, we are here dealing with a 
multiple-unit filter with n times the usable length, wherein 
"multiple" stands for a plurality of segments of filtering 
material within the filter tube. 

0027 According to another aspect of the invention, a 
multiple-unit length filter is advantageously produced 
according to one of the above -described methods. 

0028 According to still another aspect of the invention, 
there is provided an arrangement for manufacturing compound 
filters for products in the tobacco-processing industry, 
comprising: a filter tube feeding element; at least one 
conveying element into which filter tubes are deposited from 
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the feeding element; and at least one processing station 
receiving the filter tubes from the conveying element and 
rotating the filter tubes. This embodiment according to the 
invention of a corresponding arrangement permits the 
filtering material feed elements to perform relatively short 
movements, so that the feed time can be shortened 
noticeably. 

It should be understood herein that a processing 
station for the purpose of this invention is a station where 
filtering material is metered out, or a cutting operation 
takes place, or a filtering material is inserted into the 
filter tube and/or the like. Preferably, the tube itself is 
subjected to a vibration or is shook up during the feeding 
of the granulated material into the tube or shortly 
thereafter, so that the granulated material is packed as 
densely as possible. U.S. Patent No. 3,603,058 to Schubert 
describes a vibration element that can be used for this 
purpose . 

As discussed above, the filter tubes are preferably 
pre -manufactured wrapping material sections shaped into 
tubes which have a filter element arranged in the center of 
the respective section. According to one preferred 

embodiment of the invention, a particularly simple and 
compact arrangement results if the at least one conveying 
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element is at least one continuously circulating conveyor 
for cross-axially conveying of the filter tubes. 
Furthermore, a particularly compact design is obtained if 
the at least one processing station is arranged on a single 
conveyor . 

According to a further aspect of the invention, a 
highly modular design of the arrangement is provided if at 
least one processing station is advantageously assigned to 
some of the conveyors, that is, in particular to a specific 
number of conveyors, while no processing station is assigned 
to other conveyors. With a modular arrangement of this 
type, different filter specifications can be considered 
relatively quickly and a corresponding changeover or new 
adjustment can be effected. A maximum of one processing 
station is advantageously assigned to each conveyor. This 
preferred embodiment of the arrangement according to the 
invention results in a highly modular design for the 
arrangement . 

It is additionally preferable if at least one filtering 
material feed station, at least one filtering material 
insertion station, at least one removal station and/or at 
least one heating station are provided as processing 
stations. The filtering material is moved with the 
filtering material feed station to the area of the filtering 
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material insertion station or flows as a result of gravity 
into the filter tube. The removal station removes finished 
or completely or partially filled filter tubes. The heating 
station preferably functions to activate the hot glue for 
securing the filter elements inside the filter tube. A 
cutting station comprising, for example a circular blade, 
can furthermore be provided as one of the processing 

J? stations. 

Q 

0033 An exact metering out of granulate, for example, is 

?! I 

S possible if the at least one filtering material feed station 

p advantageously contains two rotating discs, respectively 

P r provided with bores, and arranged off-center from one 

III another. The bores in the one disc and the bores in the 

y other disc become aligned at one location. The portions are 

III 

determined, for example, by the bore size or by an 
additional metering element. 

0034 According to another embodiment of the invention, a 
secure filling of the filter tube occurs if the at least one 
filtering material feed station includes at least one 
sliding element containing bores and/or at least one lever 
element with bores. The filter tubes can be filled safely 
if the at least one filtering material insertion station 
advantageously comprises at least one first transfer means 
for inserting the filtering material into the filter tubes. 
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It is advantageous if at least one second transfer means is 
provided, which functions from the opposite end of the 
filter tube as a counter support to the at least one first 
transfer means for allowing the filter tube to be filled 
simultaneously from both ends. Alternatively, the second 
transfer means can be used to hold the filter element in the 
center of the filter tube, or for placing the filter tube in 
the filtering material insertion position. At least one 

13 

HI filter tube is advantageously arranged such that it is 

||| axial ly aligned with at least one bore. Furthermore, at 

Q least two bores are advantageously arranged axially aligned 

0 with the filter tube. In this case, several filtering 

material portions can be transferred simultaneously, thus 
making it possible to achieve an even higher production 
speed. 

0035 According to still a further aspect of the invention 

there is provided a compound filter-manufacturing system for 
products in the tobacco-processing industry, comprising a 
filter tube feed machine; a conveying system for 
transporting the filter tubes along a predetermined movement 
path; and a device for rotating the filter tubes installed 
on the convening system. In particular, this should be 
understood to mean that the conveying system comprises a 
device for rotating the filter tubes. A compound filter- 
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manufacturing system thus constructed advantageously permits 
a rapid filling of the tubes with filtering material. 

0036 The conveying system preferably comprises at least one 
continuously rotating conveyor for the cross -axial conveying 
of the filter tubes. Furthermore, at least one processing 
station is advantageously provided, which is assigned to at 
least one conveying element. A very compact system for 
producing compound filters is made possible if only a single 
conveyor is advantageously provided, to which at least one 
processing station is assigned. Furthermore, a modular 

Q compound filter-manufacturing system is made possible if 

P several conveyors are advantageously provided, to which at 

least one processing station or no processing station is 
assigned. A highly modular compound filter-manufacturing 
system is obtained if several conveyors are preferably 
provided, with at most one processing station being assigned 
to each conveyor. 

0037 According to another aspect of the invention, there is 
provided apparatus for producing multiple unit length 
filters for products in the tobacco-processing industry, 
comprising: a filter-tube feeding element; at least one 
conveying element into which filter tubes are insertable 
from the feeding element; and at least one processing 
station for being supplied with the filter tubes by the at 
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least one conveying element, wherein at least one of the 
processing stations is a filtering materials insertion 
station including means for inserting two portions of 
filtering materials into a filter tube in a single 
operational step. 

0038 In the event that the portions are inserted into more 

than one filter tube in a processing station, it is 
advantageous if respectively two portions can be inserted. 
This embodiment according to the invention of the apparatus 
for producing multiple-unit length filters makes it possible 
Q to achieve an extremely fast processing speed. 

O 0039 Preferably, a device for rotating the filter tube is 

fU provided as a processing station. The filling operation can 

P occur even faster as a result of this embodiment of the 

m 

invention since the movement that must be carried out by the 
feeding and filling elements can be relatively short. 
0040 It is advantageous if the at least one conveying 

element is at least one continuously circulating conveyor, 
which transports the filter tubes cross-axially . An 
extremely compact apparatus can be realized if the at least 
one processing station is advantageously arranged on a 
single conveyor. A modular configuration is possible if at 
least one processing station is assigned to the conveyors. A 
highly modular design results if maximally one processing 
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station is assigned to each conveyors. Several conveyors are 
preferably provided, at least one of which is assigned to at 
least one processing station and at least one. of which is 
assigned to only one processing station. A good compromise 
between having a compact apparatus and sufficient modularity 
is achieved with this preferred embodiment of the invention. 

0041 According to one feature of this aspect of the 
invention, one filtering material feed station is 
advantageously provided, wherein this station comprises two 
rotating and eccentrically arranged discs that are 
respectively provided with bores. The bores in the one disc 
and the bores in the other disc are arranged so that they 
are aligned in one location. An exact metering out of the 
filter granulate, for example, is possible with this 
filtering material feed station. 

0042 At least one filtering material feed station is 
preferably provided, wherein this station comprises at least 
one pusher element containing bores and/or at least one 
lever element provided with bores. The filtering material 
can be handled easily and quickly with this filtering 
material feed station. The aforementioned two filtering 
material feed stations preferably are combined to form a 
single filtering material feed station, for which different 
feeding methods can be used. 
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0043 The apparatus according to the invention can be 
realized particularly easily if a filtering material 
insertion station is provided, which comprises at least a 
first transfer means, in particular at least one pusher, for 
inserting at least two portions of the filtering material 
during one operational step into the filter tube. The 
filtering material insertion station preferably can overlap 
with a filtering material feed station. 

0044 A second transfer means is advantageously provided, 
jjjj which serves as a counter support to the at least one first 

o 

Q transfer means from the opposite side of the filter tube. 

O The transfer means itself furthermore can, but does not have 

III to, insert filtering material into the filter tube. 

0045 At least one filter tube is preferably arranged axially 
aligned with at least two bores. 

0046 The object of the invention is furthermore accomplished 
with a multiple-unit length filter-manufacturing system for 
products in the tobacco-processing industry, comprising a 
filter-tube feeding device and a system for transporting the 
filter tubes along a predetermined movement path, as well as 
at least one processing station. The system is modified in 
such a way that in the at least one processing station, at 
least two portions of the filtering material can be inserted 
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during a single processing step into at least one filter 
tube . 

0047 Insofar as filtering material portions are or must be 
inserted into several filter tubes, at least two portions of 
the filtering materials preferably are inserted or must be 
inserted. The filter-manufacturing system may be 
advantageously modified with a device for rotating the 
filter tubes, which device functions as a processing 
station, A particularly fast operation is possible with 
this preferred embodiment of the filter-manufacturing 
system. The filter-manufacturing system can be realized 
especially easily if the transport system preferably 
comprises a continuously circulating conveyor, which conveys 
the filter tubes cross-axially . 

0048 According to a particularly favorable embodiment, a 
modular design is feasible if the at least one processing 
station is assigned to at least one conveyor. An extremely 
compact filter-manufacturing system is obtained if a single 
conveyor is provided, to which at least one processing 
station is assigned. A highly modular design of the system 
is possible if several conveyors are provided, which are 
each assigned to no more than one processing station. 

0049 The machine or system for producing compound filters 
for products in the tobacco-processing industry currently 
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manufactured and marketed by the assignee of the present 
application produces approximately 1,200 compound filters 
with twice the unit length. The method and arrangement 
according to the invention advantageously permits the 
production of 5,000 compound filters with twice the unit 
length, thus achieving the object of the invention as first 
described above. 



m BRIEF DESCRIPTION OF THE DRAWINGS 

m 0050 The foregoing and other features and advantages of the 

13 invention will be further understood from the following 

0 detailed description of the preferred embodiments with 

\J reference to the accompanying drawings. 

p| 0051 Figure 1 shows a sectional representation of a transfer 



station during a first operational stage. 

0052 Figure 2 shows the transfer station shown in Figure 1 
during a further operational stage. 

0053 Figure 3 to Figure 8 show the transfer station, 
represented in Figures 1 and 2, during successive stages of 
the operation. 

0054 Figure 9 shows another embodiment according to the 
invention of a transfer station. 
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0055 Figure 10a shows a granulated material feed element in 
a view from above and Figure 10b shows a view from the side 
of Figure 10a. 

0056 Figure 11 shows a schematic representation of a filter- 
manufacturing machine in a view from above. 

0057 Figure 12 shows a schematic view from above of the 
elements for a modified embodiment of a filter-manufacturing 
machine . 

Figure 13 schematically shows the respective 
arrangement or position of a filter tube and a filter 
element, as well as a corresponding push rod during 
successive operational steps of the machine shown in Figure 
12 . 

0059 Figure 14a shows a schematic representation of a 
filter-manufacturing machine with modular design for 
producing triple filters configured as shown in Figure 14b. 

0060 Figure 14b shows a triple filter with twice the unit 
length made by the machine illustrated in Figure 14a. 

0061 Figure 15a shows a schematic representation of a 
machine for producing quadruple filters configured as shown 
in Figure 15b. 

0062 Figure 15b shows a quadruple filter with twice the unit 
length made by the machine illustrated in Figure 15a. 
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Figure 16 shows a sectional representation of an 
additional embodiment of a transfer station, having 
additional features as compared to the exemplary embodiment 
shown in Figures 1 - 8 . 

Figure 17 shows a schematic view from the side of an 
exemplary embodiment of functional elements for feeding 
filtering material and removing multi- segment or compound 
filters . 

Figure 18 shows a schematic representation of the 
filter elements during the processing according to Figure 
17. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following detailed description of the invention, 
like elements or features in the respective figures are 
identified by the same reference numbers so that the same 
elements or features do not have to be introduced anew each 
time . 

Referring to Figure 1, there is shown a cross-sectional 
representation of a transfer station according to the 
invention. A tube 11 with a centrally arranged filter 
element 19 is positioned in a depression in a tube feeding 
cylinder 10 and is moved to a region of a transfer station. 
Similarly, a filter plug 20, that may consist of cellulose 



acetate and has a length of, for example, 8 mm, is supplied 
to a plug receptacle 25 by a filter plug conveyor 21, which 
may comprise a filter plug cylinder that accommodates the 
corresponding filter plugs 20 inside receptacles. 

During one continuous operational step, shown in Figure 
2, the filter tube 11 makes contact with the transfer 
station and is held in the specified position by vacuum 
bores 13, arranged on a conveying cylinder 12. Furthermore, 
a push rod 18 is shown already inserted from the bottom into 
the filter tube 11. The plug 20, which is conveyed by the 
filter plug conveyor 21, has been transferred to the 
transfer unit and is held with the aid of another vacuum 
bore 13 in conveyor 22 in the position indicated in Figure 
2. Two different granulate materials, namely a first 
granulate 26 and a second granulate 27, are furthermore 
filled into bores 14 of a pusher 24. The amount of 
granulate is predetermined by the bore size. The pusher 24 
in the drawing plane is designed to slide from the left to 
the right and vice versa. 

Figure 3 shows a cross-sectional representation of the 
transfer station, wherein the push rod 18 is moved further 
upward in vertical direction, so that the upper end of tube 
11 is essentially aligned with the upper edge of the 
conveying cylinder 12. The push rod 17 then moves the plug 



2 0 in the axial direction vertically downward into the pipe 
15 and a first bore 14a of a pusher 23. At exactly the 
upper edge of the pusher 23, a circular blade 28 is guided 
inside a guide 2 9 and cuts the plug 2 0 into two identical 
plugs, measuring 4 mm each. The vacuum or suction air in 
the vacuum bores 13 is turned off to move the plug 2 0 into 
the pipe 15 and the tube 11 into the conveying cylinder bore 
16. 

During a subsequent operational step, shown in Figure 
4, the pusher 23 is moved to the left, so that the upper 
portion of the divided plug 20 is vertically aligned with 
another bore 14 of pusher 23. In another operational step, 
not shown herein, the plug 2 0 is moved with push rod 17 into 
another bore 14a of slide 23 and an additional filter plug 
30 is supplied, consisting of a different material such as 
fleece enriched with a granulate. This filter plug is then 
cut with a circular blade and inserted into the remaining 
two bores 14a of pusher 23, as shown in Figure 5 which 
shows the precise operational state in which the additional 
filter plugs 3 0 are inserted into the remaining bores of 
slide 23. 

Referring to Figures 5 and 6, the 1 st granulate 26 drops 
under the effect of gravity into the tube 11. An oscillator 
44, which excites oscillations in a spring plate 43 causes 



the tube 11 to oscillate or vibrate to achieve the highest 
filling density. These oscillations are transmitted to the 
tube 11 through mechanical contact between the spring plate 
43 and the tube 11. 

According to Figure 5, a bore 14a in the pusher 23, 
containing a filter plug 30, and a bore 14 in the pusher 24 
that holds granulate are furthermore aligned with the 
conveying cylinder bore 16 or the tube 11. As a result, the 
push rod 17 can insert the filtering material 30 and 26 into 
the tube 11 during a following operational step that is 
shown in Figure 6. Contrary to what is shown in Figure 6, 
the filtering material 30 and 26 can be filled to reach only 
the upper edge of the filter tube 11, so that the degree of 
movement of the push rod 17 can be further minimized. 

Figure 7 shows an operational state where, following a 
corresponding alignment of a bore 14a of pusher 23 with 
therein arranged filter plug 20 and a bore 14 of pusher 24 
that contains the granulate 27, with the tube 11, the push 
rod 17 inserts the material into the end of tube 11. 

Figure 8 shows the operational stage in which the tube 
11 that is filled halfway with filtering material is moved 
downward by lowering the push rod 18 back to the effective 
range of the vacuum bore 13, so that the tube 11 is again 
held against these vacuum bores and, correspondingly, is 



held in the receptacles provided in the conveying cylinder 
12. During the next step, the half -filled tube is supplied 
to a rotating cylinder, so that the tube 11 is rotated by 
180° and subjected to the same operational steps described 
above for filling the tube from the other end so that a 
filter with on the whole twice the unit length can be 
produced. For this exemplary embodiment, the filter with 
two times the unit length comprises five different filtering 
materials, arranged in segments inside the filter. The 
filtering materials comprise a first filtering material 19, 
e.g. with a length of 8 mm after the filter with twice the 
unit length is cut, a first granulate 2 6 with a height of 
approximately 8 mm, a second filter plug 3 0 that is 
approximately 4 mm high or 4 mm thick, a second granulate 2 7 
with a height of approximately 8 mm and a final filter plug 
20 with a thickness of 4 mm. Within the framework of this 
invention, filter plugs ranging down to a thickness of 2 mm 
can also be used, so that even more filtering materials can 
be arranged in segments inside the tube 11. 

Finally, Figure 8 shows a removal cylinder 50 that 
removes the half -filled tube 11 to a rotating cylinder, not 
shown in Figure 8. In this rotating cylinder, the tube 11 
is subsequently rotated by 180° and is then again supplied 
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by a feed cylinder to the conveying cylinder 12 for filling 
up the rest of the tube 11. 

For the purpose of this invention, it is also possible 
to rotate the tubes several times in order to insert 
different filtering materials at several stations. It is 
therefore not necessary for each half of the tube 11 to be 
filled completely at one transfer station before it is 
rotated. 

The Mulfi E machine distributed by the assignee of the 
present application, for example, can be adjusted 
correspondingly to produce the tubes 11 with a first 
filtering material 19 arranged in the center. For example, 
in order to glue in the later inserted filter plugs; the 
hot -melt glue used for gluing together the seam of tube 11 
is replaced with PVA glue (polyvinyl acetate glue) . For 
this, the cooling bar that glues the seam together is 
replaced with a heating bar and the glue supply replaced 
accordingly. The filter tube is thus glued together with 
glue that does not lead to a separation of the glued 
connection when it is subjected to heat. 

The subsequently inserted filter segments are glued in 
by applying a hot-melting glue strip to the paper on the 
tube inside, before the tube is formed. Following the 
insertion of the filter segments into the tube with a 



cooled-down hot -melting glue track, the complete tube is 
heated either with contact heat or a corresponding, energy- 
rich radiation, e.g. microwave radiation. As a result, the 
hot -melt glue is melted and the segments are glued together. 

Figure 9 shows another embodiment according to the 
invention of an arrangement for transferring four different 
filtering materials simultaneously to the tube. The tube 
otherwise consists, for example, of a paper tube 37. To be 
able to transfer four different materials, a third pusher 41 
having bores 14a 1 and a fourth pusher 42 having bores 14' 
are provided in addition to the first pusher 2 3 and the 
second pusher 24. A soft element 3 0 is inserted, for 
example, into the third pusher 41 and a granulate 2 6 is 
filled into the fourth pusher 42 . 

For the purpose of this invention, it is also possible 
to increase to four the number of bores in the pusher 24, 
shown in the examples in Figures 1 to 8 . Thus, four bores 
are filled with corresponding granulate and no further 
granulate must be filled in after the filter tube is turned 
or rotated. According to the embodiments shown in Figures 
1 to 8, corresponding filter plugs 20 and 30 are stored and 
ready, so that no additional filter plugs must be inserted 
into the pusher 23 after one side of the tube 11 is filled. 



The same is also possible with the exemplary embodiment 
shown in Figure 9. 
0081 Figure 10a shows a cross-sectional view from the side 

of a preferred granulate feeding station or a granulate 
portioning station. Two discs, namely a first disc 31 and a 
second disc 32, are arranged off-center, with the first disc 

31 being arranged above the second disc 32. Figure 10b 
p shows the arrangement in Figure 10a in a view from above. 

M Both discs 31 and 32 are provided with bores 14. These 

111 

St bores are filled with granulate 26 from a granulate filling 

tu 
Q 

22 device 51. 

M 

pi 0082 The first disc 31 rotates counter-clockwise above the 

M; 

fy disc 32, which also rotates counter-clockwise for this 

O exemplary embodiment. Tubes 11 are arranged below the 

IU 

second disc 32 and are held by means of standard holding 
elements at the respective locations. The portioned 

granulate, predetermined by the size of the bores , moves 
counter-clockwise in the direction of an insertion zone 38a 
- 38b. The filter tubes 11 arranged below the second disc 

32 move in the same way. The bores of both discs are 
aligned at the insertion position 38. Figure 10b shows that 
granulate flows into the tubes under the effect of gravity. 
As a result of this preferred granulate feed station or 
portioning station according to the invention, it is 
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particularly easy to realize the portioning of granulate and 
the filling of the granulate into the filter tubes. Owing 
to the large insertion zone 38a - 38b, the discs 32 and 31 
can rotate with increased speed, thus increasing the 
production speed accordingly. An oscillator 44 and a spring 
plate 43 are furthermore provided for this embodiment to 
achieve the densest possible granulate filling by exciting 
vibrations in the tube 11 following the filling with 
granulate 26. The oscillator 44 preferably comprises an 
electromagnet having a mass that oscillates back and forth 
with a frequency of 50 Hz. 

Figure 11 shows a schematic view from above of a 
filter-manufacturing machine. The processing stations which 
are provided according to Figures 1 to 9 for inserting the 
filter elements are not shown in Figure 11 

As shown in Figure 11, a single main cylinder 100 is 
used for carrying out the various processing steps. A tube 
mass flow of tubes 101 guides the tubes 114 with 4-times the 
unit length to the filter-manufacturing machine. The filter 
tubes with 4 -times the unit length are cut in the center and 
are moved axially in the region of a transfer cylinder 103, 
which is not shown herein. The tubes are fed with the aid 
of a cone-shaped transfer cylinder 104 and a transfer 
cylinder 105, e.g. corresponding to the filter feed cylinder 



10 in Figure 1, to the main cylinder 100. The main cylinder 
corresponds, for example, to the conveying cylinder 12 shown 
in Figure 1 . 

0085 A filter element mass flow 102 guides filter elements 

with 12 -times the unit length to the filter-manufacturing 
machine where they are cut into shorter segments at a 
location not completely shown herein. The filter elements 
Z or the cut filter elements 116 are supplied with a cone- 

1% shaped transfer cylinder 104, for example, corresponding to 

IS 

III the plug conveyor 21 shown in Figure 1, to a transfer 
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cylinder 105, where they are divided further with a circular 
13 blade 106. The filter-manufacturing machine has three 

components that can be used to feed filter elements with a 
respective length, but which may have different 
characteristics. Cone-shaped transfer cylinders 107 for 
transferring the filter elements are also shown for the 
filter element feed stations, arranged below. 
0086 A first storage container and a second storage container 

are provided for a first granulate 110 and a second 
granulate 111. The granulates are supplied with 

corresponding conveying elements to a granulate transfer 
station 112 for filling corresponding bores in pushers 
completely with the desired granulate. The main cylinder 
100 moves clockwise. Before the main cylinder 100 has 
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completed half of a complete rotation, one side of a 
compound filter with twice the unit length is filled 
completely. This half-filled compound filter is moved with 
a transfer cylinder 10 9 to a rotating cylinder 108 where it 
is rotated and is supplied once more to the main cylinder 
100 with the aid of another transfer cylinder 109. The 
rotating cylinder 108 is described, for example, in German 
Patent No. 199 20 760 owned by the assignee of the present 
application, wherein an arrangement is disclosed for 
rotating rod-shaped articles with a rotating cylinder. The 
rotating cylinder accommodates the rod-shaped articles to be 
rotated in receptacles and is provided with at least one 
section for rotating at least two rod-shaped articles 
parallel to each other. 

All other filling operations occur during the remaining 
rotation of the main cylinder 10 0, although the additional 
filling elements are not shown in Figure 11. Just before 
the main cylinder 100 completes a full rotation, the 
completely or partially filled compound filter tubes or 
compound filters with twice the unit length are transferred 
by a transfer cylinder 109 and corresponding cone-shaped 
transfer cylinders 104, as well as a transfer cylinder 103, 
to a double compound filter mass flow 117, wherein the 
compound filters 118 shown therein have twice the unit 



length. A switch cabinet 113 controls the filter- 
manufacturing machine. A single main cylinder 100 is shown 
for this embodiment of the invention, in which all 
operational steps for filling the filter tubes 11 can be 
carried out. Just prior to removal of the completely filled 
tubes, a heating element can be provided and can be brought 
in contact with the respective tubes. This heating element 
is designed to melt hot -melting glue, applied during a 
previous operational step to the inside of the paper tube, 
so that the inserted filter materials are glued in place in 
their positions. Figure 11 also shows the spring plate 43, 
which functions to transfer vibrations to the granulate- 
filled tube. 

Figures 12 and 13 show a schematic representation of 
another embodiment of the invention. Filter tubes 11 are 
supplied with a tube- feeding cylinder 10 to a conveying 
cylinder 12. This is also shown schematically with position 
"a" in Figure 13. At position "b, ,! the tube 11 and also the 
push rod 17 are moved further toward the top. At position 
"e, " the push rod is moved up even further. At position 
"f," the filter plugs 20 are supplied with a filter plug 
conveyor 21, which is a cylinder for this exemplary 
embodiment. This is also shown schematically at position 
"f" in Figure 13 . 



The schematic "f" to "m" in Figure 13 show adjacent 
tubes and push rods. Thus, positions "f" and "g" should be 
viewed jointly in the schematic representation in Figure 13. 
The push rods 17 are moved downward in the following 
operational steps "h" and "i", thus causing the filter plug 
20 located at position "h" to move down as well. The filter 
plug 20 is divided at positions "j" and "k n into two parts, 
with a circular blade 28. The upper portion of plug 20 is 
located inside a receptacle or a bore in a lever 35. At 
positions "1" and 1! m, " the lever 35 is pivoted, so that its 
bore is aligned with the bore of the main cylinder or the 
conveying cylinder 12, located underneath, which 
accommodates the tube 11. From then on, the operational 
steps are once more shown individually. At positions "n" to 
"q, " the push rod 17 moves into the opening in which the 
tube 11 is located and inserts the respective filtering 
material into this tube. At fr r" and "s," the push rod 17 is 
again pulled out of this opening. At "t," the lever returns 
to its starting position. The partially filled tubes 11 are 
then removed with the removal cylinder 33, which holds the 
filter tubes with filter elements 34 disposed inside 
receptacles. For the purpose of this invention or this 
exemplary embodiment, one half of the tube 11 can also be 
filled completely. Figures 12 and 13 show only the variant 



of a lever instead of a pusher for moving the respective 
filter plugs. It is also possible to move several levers 
35, into which granulate can be filled, for example, or a 
combination unit consisting of levers and pushers. 

Figure 14a shows a modular design for a filter- 
manufacturing machine. Shown are the tube-feeding module 

130, two granulate and soft element filling modules 131 and 
131', and the rotating module 132. For this exemplary 
embodiment, tubes are supplied via a tube pallet 12 0 and 
filter elements are supplied with two filter element pallets 
121 and 121'. The tube-feeding module 130 feeds tubes from 
the tube pallet 12 0, a takeover cylinder 123 and a transfer 
cylinder 124. The transfer cylinder 124 conveys the tubes 
from the takeover cylinder 123 to a removal cylinder 125, 
which in turn conveys the tubes to a granulate cylinder 126. 
Once they arrive at the granulate cylinder 12 6, the tubes 
are filled with granulate, for example using a device as 
shown in Figure 10. The tubes that are partially filled 
with granulate are then transferred to a lever cylinder 127, 
which may have a design as shown in Figure 12. In this 
module, namely the granulate and soft element filling module 

131, filter elements are supplied from a filter element 
pallet 121 via a further takeover cylinder 123 ' and a supply 
and tube takeover cylinder 128 to the lever cylinder 127. 



0091 The tubes filled with granulate and corresponding 

filter elements, such as soft elements, one side of which is 
now filled completely for this embodiment, are removed by 
the feed and tube- takeover cylinder 12 8 and are transferred 
to a transfer cylinder 124' which is arranged in the 
rotating module 132. The transfer cylinder 124' transfers 
the half-filled tubes 11 to a rotating cylinder 129, in 
which the tubes are rotated. On the way to the rotating 
cylinder, the tubes can be subjected to heat for activating 
a hot glue strip, which fixates the filter elements. After 
m the tubes are rotated, the half- filled tubes are transferred 
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O to the other granulate and soft element filling module 131 f 

pj with the aid of a removal cylinder 125 ', which turns the 

M3 

13 tubes over to a granulate cylinder 126' in which the tubes 

m 

are filled again with granulate. Following this, the tubes 
are turned over to a lever cylinder 127' where they are 
filled with an additional soft element. The soft elements 
in this case are transferred from the filter element pallet 
121 1 via another takeover cylinder 123' 1 and a feed and tube 
takeover cylinder 128' to the lever cylinder 127'. The 
tubes, which are now completely filled, are then moved via 
the cylinder 12 8' to another transfer cylinder 124 ' 1 with 
heating station 39, which serves to activate a hot glue 
completely or in the remaining portion of the tube. 
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0092 Figure 14b shows a cross-sectional view of a completely 
filled double compound filter 118. This filter consists of 
a first filter element 19, granulate 26 and respectively one 
filter plug 20. During the subsequent cigarette production, 
this double unit length compound filter is cut in the center 
of the first filter element 19. 

0093 Figure 15a shows another exemplary embodiment of a 
|* filter-manufacturing machine for producing the double 
i compound filter 118, which consists of respectively four 

different filter segments. As shown in Figure 15b, two 
different types of granulate materials 2 6 and 27 are 
inserted into this double compound filter 118. As compared 

fy to the embodiment shown in Figure 14a, the embodiment of 

M3 j 
6 Figure 15a shows two additional granulate modules 13 3 and 

fO 

133', each having a granulate cylinder 126'' and 126 ,,r , 
respectively, added to the filter-manufacturing machine in 
order to add another granulate. Granulate module 133 is 
positioned between the tube feed module 130 and granulate 
and soft element filling module 131, and granulate module 
133' is positioned between the rotating module 132 and the 
additional granulate and soft element filling module 131'. 
The elements used herein are otherwise the same. 
0094 The modular design of the filter-manufacturing machine 

according to the invention allows filters to be manufactured 
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in accordance with the desires of the respective clients. 
For this, it is only necessary to replace, add or remove the 
respective modules. 

0095 Even though the description of the Figures for the most 
part refers only to production variants using a vertical 
orientation of the filter tubes 11, these tubes can also be 
oriented in a horizontal direction. The invention is 
furthermore not limited to the use of the respective 
cylinders. It is also possible to use trough belts for 

fjj conveying and processing the filters, for example, as 

m disclosed in German Patent No. 197 08 83 6 and corresponding 

0 U.S. Patent No. 6, 079,545 owned by the assignee of the 

III present application, German Patent No. 39 25 073 and its U.S 

^ counterpart U.S. Patent No, 5,209,249 owned by G.D. Societa' 

m 

per Azioni, Italy, or European Patent application 1 048 229 
owned by Focke & Co (GmbH & Co.) . 

0096 The filter-manufacturing concept of the present 
invention is focused on alternately inserting filter plugs 
made of different filtering materials and/or granulates into 
filter tubes and to process these to make multi- segment or 
compound filters. Within the framework of the present 
invention, the term "filtering materials" also includes the 
term "granulates . " 
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0097 Pre-f abricated filter tubes having at least twice the 

unit length and a loose or glued-in filter element in the 
center are preferably used. The plugs conveyed are normally 
8 mm long and are subsequently divided into 4 mm long plugs. 
In an embodiment slightly modified to match the embodiment 
shown in Figure 11, the filter tube is held in a depression 
of the merry-go-round or the main cylinder 100 and is 
q conveyed from station to station by the rotation of the main 



O 
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cylinder 100. Depending on the filter design, the stations 
in alternating sequence are: a tube feeding device, a 
granulate metering device with granulate feeding station and 
a filter plug feeding device, a filter rotating device and, 
again, a granulate metering device with granulate feeding 
station and a filter plug feeding device or simply a 
granulate feeding station and a filter plug device. Except 
during the rotating, the tube is always held at the same 
location in the main cylinder 100. When feeding filtering 
material or inserting it into the tube, the tube is 
preferably held in position with the aid of a vacuum or 
suction air. The tube holder can be vibrated, for example, 
so that the granulate can be packed in as densely as 
possible . 

0098 Figure 16 schematically shows another embodiment of a 

transfer station for transferring filter elements to a tube 
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11 that already contains a first filtering element 19. The 
tube 11 is held in the operating position, shown in Figure 
16, by, means of vacuum bores 13 on the conveying cylinder 
12. In order to insert the tube 11 into the bore 16 of tube 
disc 62, this disc 62 is moved upward with a bottom push rod 
18, which is moved upward through a push rod guide 60. The 
bottom push rod 18 is operatively connected to a bottom 
control cam 68, which determines how far the bottom push rod 
18 is moved either upward or downward. 

|j 0099 The first pusher 23 already contains two second-f ilter 

S3 

jJ3 plugs 64. Following the cutting of a first double filter 

3 plug 63 with a circular blade 28, the additional receptacles 

wis 

H of the first pusher 23 are also respectively provided with a 

first filter plug. The upper push rod 17 that is guided 
inside a push rod guide 61, among other things, is used for 
this. The upper push rod 17 is operatively connected to an 
upper control cam 67, which determines how far the upper 
push rod 17 is extended either upward or downward. In 
Figure 16, the upper push rod 17 is located in the top 
position. 

00100 The granulate receptacles provided on a second pusher 

24 already contain a first granulate 26. Figure 16 shows 
the state in which a second granulate 27 is filled from a 
granulate container 65 via a filling pipe 66 into additional 
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receptacles of the second pusher 24. An oscillator 44 that 
is operatively connected to the filling pipe 66 is provided 
to achieve the highest possible packing density or filling 
density of the second granulate 27. The oscillator 44 may 
oscillate with a frequency of 50 Hz and can be an 
electromagnet with a correspondingly moving mass, so that 
respective oscillations are generated. 

00101 Figure 17 and 18 show an embodiment where a main 
cylinder 100 that is slightly modified relative to the main 
cylinder 100 in Figure 11 is supplied with filter elements 
or filtering material. It also shows the removal of double 
compound filters 118 or double multi-segment filters 118, 
produced in the main cylinder 100. 

00102 In a tube mass flow 101, tubes 114 with 4 times the 
unit length are fed to a holding cylinder 78. By means of 
the holding cylinder 78, the tubes 114 with 4 times the unit 
length are removed from the supply of tubes in the 
respective receptacles of holding cylinder 78. Following 
this, the tubes are cut with a circular blade 106 into two 
tubes 115 with double the unit length. The respective tubes 
115 with 2 times the usable length are then staggered in a 
staggering cylinder 79 and are subsequently transferred to a 
sliding cylinder/transfer cylinder 80, where they are 
aligned. The sliding cylinder/transfer cylinder 80 is 
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arranged behind a cone shaped deflection cylinder 81 which 
is provided for additional filter elements that are fed from 
above into the sliding cylinder/transfer cylinder 80 

The respective positions of the filter elements 
according to Figure 17 are shown schematically in Figure 18, 

Filter elements with 12 times the unit length 70 are 
transferred from a filter element mass flow 102 or a 
corresponding filter element supply to a holding cylinder 74 
with receptacles. These filter elements are subsequently 
cut with a circular blade 106 into three segments to create 
three filter elements with 4 times the unit length 71, which 
are then stacked in a staggering cylinder 7 5 and arranged 
cross-axially aligned inside a sliding cylinder 76. 
Subsequently, the filter elements are again cut with a 
circular blade 106 and divided into two filter elements with 
2 times the unit length 72. 

After being divided into two filter segments with 2 
times the unit length 72, the filter elements are staggered 
in a staggering cylinder 77 and are then transferred to a 
transfer cylinder/sliding cylinder 80. For this exemplary 
embodiment, the filter elements with 2 times the unit length 
72 are arranged in front and the tubes with 2 times the unit 
length 115 are arranged behind them, so that only the 
frontal filter elements with 2 times the unit length 72 can 



- 44 - 



Q 



O respectively one filter element 73 at the end and 



be seen. The respective filter elements 72 and 115 are then 
transferred to a cone-shaped deflection cylinder 81 or 82 
and are then transferred via a transfer cylinder 83 or 84 
onto the main cylinder 100. The main cylinder 100 is not 
shown in Figure 17 for reasons of clarity, but is shown 
schematically in Figure 18. After filling the tubes 115, 
the double compound filters 118 or the multi-segment filters 
118 are taken over by a takeover cylinder 85 and are 
supplied to a cone-shaped deflection cylinder 86. Finally, 
they are transferred to a removal cylinder 87 that removes 
the multi-segment filters 118 to a mass flow 88. The multi- 
segment filters or double compound filters 118, created in 
this way for the exemplary embodiment, are provided with 



respectively one granulate filling toward the center. These 
filters are produced on the main cylinder 100 and are 
provided in the center with the known filter plug or the 
first filtering material 19. 
00106 Figures 17 and 18 thus show three main functions, 

namely the feeding of pre- fabricated tubes 11 via a 
previously formed mass flow, the feeding of filter elements, 
such as the soft filter elements with corresponding function 
groups, as shown in the exemplary embodiment, and the 
removal of the finished product produced in the main 
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cylinder 100 with corresponding conveying cylinders that 
form a new mass flow. 

It will be understood that the above description of the 
present invention is susceptible to various modifications, 
changes and adaptations, and the same are intended to be 
comprehended within the meaning and range of equivalents of 
the appended claims. 



